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Higb ?recis-4oui Determination of Vapor -Pressures of

Metals and Alloys: I. Cadam±m*

.,i~dd. Ba rg axe C. mmest;B~hml

An aparwtus is descrIbed for obtainizg extremly hi&

precisioa TV=o pressure data, based os the rma.sew ef usiouw -

tbod. 7e eemxt Od ha been used. to teat the apparatus before

Proctediug vitL t~i Iixestigation of certaixz alloys. - e data

obtaimi '&rm this izestiga~tioft inmlvdimg the beat of ryaporiza-

tics if Od are repor-ted hereim.

~eroduzction iA vbale or is. part is permitted fc~r amW purpoe

of the Ukited. States Goermat.



This report descrilbes ap'paratus vh ~cb has :pewe - r-te

in order to masure the i'vpar pressures of z.s" aind alac.ys, : -.2oe

Knudsen wfinst.cxi. Mhe rellaiabUity oft the appez-s has :,e

established by determining the vapor presstre of solid Cd.- 2ese

--asurements ame beliewe to be the mot precise yet mae ':, tbe

Knudsen et-hod.

Th cee cell is shoom is Y"ig. 1. Mw body '.s xahw

frC= Solid 1/2, taztalm rod. The cap, vthich cotains the effusia

orifice, is mde by weldi-ng a shallow nolybdemn cup, drwm -frcm -4

zil mlybdenn foil, to a threaded taztalxm ring. Mbe cezlter of the

cup :s ddaed~ with a sharp punch and this prot zlsicm is tgrcz off0

leavinig an oriLf:ic vith a knife edge periter as BW De Se=

Fig. 2. v±hich is a photceicrograph of an -ct m3 orifice in ere-bas

section. Mhe orifice areg is nadterzi project~ng Its ima

onto the ground glazO screen of a Vickzrs mtallograpbi and zmang

Severi at~i~ 3± ricus inguifIcatloi. Mhe magwificatiom is

deterie for each separate setting of the etiallomxri vith a

stage micrmter. The area of the tracing is nodezi ei.tbker .z

transferiug the outline to gr A paper and ewtintg squares or vilth

a plaiter. The precision of this3 detemimntic= is i11-icatedb

the sample results given in table 1.

Table 1. Orifice Area )Ms= rxts

Area of Yagnuicatioa ktzal % dew. Mto

Tracn (=2) Oriflice, Area ? v

481 317.0 0.b .25 Pa~itz
8.2317. 0 4.796 0:oo Grl

47-93 315.7 4.8O3 0-23 vP2lxiuiinw
4T-.80 315.5 Ji..M 0O02 P ]& wnitq

Aw.- 4-96x 10-' Ay...12

The orifices used in this ixvestigation ame believed == the
smi~iesteve to e Epw I istbemfwequit cetainiha
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vhere A is .be area of tbe orIfice in cn2, 7 is the tenperiture in
oK, and X is the atotc veist of the effusing species. A poto-

microgrc of an actual orifice, i.e.Ftg. 2, permits = estimtiom

of the thickness of the perineter. For this particulat oriflice,

vhich is beleved to "e representative. the edge t.hckness is e

tiasted to be 0. 000o6" and cneque!ntl the --iaing factor is

equated to onc. The -rtaalty involved in this a ,roi.

cannot alter the absolute values of the vapor presu-es. subse-

qcently to be given., by nore Itba one percent.

The -noieritaJ. procdre is as fo12.ms: The Ta cell

and cap are first clead and ignited to a dx:1 red heat in Trcno

for several minutes. After cooling the cell is loaded ith two

pieces of -Bkers reagent grde (d veighimg, about ten gram. e

cell is veighed, inserted into the vacuu chbner and imAtely

co~aected to the vacuru syrt.. 2e xyxte is then tgassed fo

sixteen hours with the cell he'd at a tWreraue of 800C.

effusioa run vies h v be furnace being quickly raised to a

position which imerses the cell to a depth of ten inhes. Vac==

andmtwerature readings are taken a fourr te Ierval s until

the equilibrium pressure and r e are a&.Ieved. After which

the Pbilips S e is excded from the m i teratane read-

ings are cotine at thirty minute Intervals. MLLh exper Iu is

CONC~I-ied by dronping the furmace ad rqpidlT cooling the tell byT

IWSiM thc Ta , chamber ix cold water. t eratzre fa]ls

l0o0 c within a nilute after the Nrce is lwred a& there Is,

therefore, eseat.lno erw arising fr he t~ t 1 1tou of the

Tere is considerable error intrmduced by tbermal

dhiring the initial period of the ruj Me lag varies with tbe

temperature of the furnace adL the beat caspity of the cell.

cotents. Howver, as the tmeratre of th ell is Ia - of

each instaxt Jrcal formla ay be qppled to cmrect fo

the initial departure from therme. equilibrium. A sa tic
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The data including the corrected pressures are. given in Table 2.

These data represent all the measureets e but o, vhich

vas cearly in error.

Table 2. C V&2E Presar-e

M Orifice Area Total Corr. tf - te  Prmssure a(Q . C.)
(CMx 1 "3 ) Weight eight ( x i0-3)

__________ osu(MI) Loss (M) Sec. xlO'__________

97.1 2.48- . 2. 4 2.26 2.156 1.254 26.2

508.1 2.483 2.93 2.77 1.20 2.242 26.a2

519.7 0. 4799 5.3.5 .73 1.950 4.028 26.8

527.6 2.2483 .58 1.22 1.812 5.913 26A.-

5-37.14 2.1483 18.95 17.54 2.82O 9.3~48 26.81

550.9 0.k799 3.24 5.OP 1.644 17.O0 26.83

The exthaly of vaprization at cfK, n is detArMiMid by Siv-
ing eq. 5

5. -2.5oR f[log P -5 /2 log T + B .691

vhere B = C -Jc(T)dTr

0 0

Althoug ' values are to be found elsewhere ii the literature, the

present authors recalculated B mkin use of the more recent heat

capacity data of Saith anu Walcott 2 an Craig and Co-wrbers. 3

Above 3000C the equation givem for the heat capacity by Kuaschski

andz vas' was used. e results of these calculations at the per-

tint temperatures aie given in Tabl 3.

Table 3.

TI B

497.1 2.222.

50k.1 2.249

519.7 2.277

7.6 2.295

537.4 2.319

550.9 2.350

The entalpi of vaporization is 0lcal. Isos at 298.20K tha, at 00Z

t2bus a value o4 26. 81 + 0. 01 L KCa1 is obtaiind for M0%,". This
figure is comared 'ith other critically~ selected value, in Table It.
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-able 4. mthalpy of VMonzatio of Cd

LE0298 -Reference
26.81 + o.01 this vork

26.78 + 0.05 "Sel&ted Valaes etc."5

26.75 + 0.05 Kuhnschevski aad ?as'

27.01

Ilere is n amailable ntho for cbecking the accuracy

of the absolute naidtue of tbe vapor pressure. Hoever, -i the
caeof Od th ex ,rnsa reul~ts for the liui phs are ix

good apefmu. 3i valme of the wapom pressLne at the neltiie

poixt given by the most recemt copmitioa, 'Selected Values etc. '5,

is 1.38 X 10 - 4 arM aM L29 x 10b- a1t is the vs! obtaiMd by

extrspoatn tbe data reported bee.~

As the rsxlts of thls izestigWim are i good agree-

Iut vith other previosly reported vues mo effort v s imue to

+abuI-ate fr ee egy fuctiom vich vold only d=lIcate thce

already 13L existence.

drI
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